Background: Oral health emergency department (ED) visits are increasing nationally. This increase in ED admissions is an indicator that preventative dental and oral healthcare practices are not being utilized. Methods: Data was obtained from the Meadville Medical Center. Fourteen ICD-9 codes for dental and oral health admissions over 10 years were categorized and analyzed. Data was graphed to illustrate trends over time and the chi-square test of independence was used to determine associations between admissions types and demographic characteristics. Results: ED admissions for dental and oral health issues were most common among individuals age 19 -38 years. Most individuals admitted to the ED for these concerns paid with private medical insurance or were uninsured. The categorization of ICD-9 codes allowed us to see that ED use for structural and soft-issues decreased at the end of the decade under study. However, admissions for infections and dental caries increased over time. Conclusions: The opening of a free dental clinic in 2011 might be associated with the decrease in overall admissions for dental and oral health concerns as well as soft tissue and structural admissions. The increase in ED admissions for dental caries and infections illustrates that more affordable and preventative dental and oral health care and education are need.
Introduction
With increasing costs of oral healthcare and lower rates of individuals with dental insurance, the prevalence of hospital emergency departments (ED) admissions for dental and other oral health concerns, such as dental caries, gum infections, gum disease, periodontal disease, and oral cancer, among others, is increasing in the United States [1] - [4] . According to the American Dental Association (ADA), 80% of dental and other oral health ED admissions can be prevented [5] - [8] . In addition, ED admissions for these types of concerns have doubled from 1.1 million in 2000 to 2.2 million in 2012 with an estimated price for each ED admission being three times more than a typical dental visit for toothaches, tooth sensitivity, dental caries that caused infections and other serious complications. The cost of ED admissions for dental and other oral health issues is approximately $1.5 billion USD annually [5] - [8] .
The Agency for Health Care Research and Quality in addition to the Healthcare Cost and Utilization Project both found that dental and other oral health ED admissions were nearly four times higher among patients living in poorer communities compared to communities where the socioeconomic status (SES) of residents was higher [9] - [12] . In rural areas of the United States, lower SES levels combined with an aging population, shortages of providers, and inadequate preventative services have resulted in ED admissions rates for dental and other oral health issues that are growing exponentially [10] [12] .
The Meadville Medical Center is a 249-bed non-profit community hospital located in northwestern Pennsylvania. The population served by the Meadville Medical Center includes the majority of residents in Crawford County, PA (~58,000 individuals). Crawford County is a rural community located 90 miles north of Pittsburgh, PA and 40 miles south of Erie, PA. Approximately 17% of the population in Crawford County lives below the poverty line; less than 20% of adults have completed a Bachelor's degree in spite of the fact that 87% have completed high school; and nearly 18% of adults are senior citizens [13] . The city of Meadville is home to approximately 13,000 residents as well as the Meadville Medical Center, Allegheny College, and city, county, and state governmental offices [14] . However, more than a quarter of the city residents are considered impoverished [14] .
At the Meadville Medical Center, there are approximately 35,000 ED admissions each year; informal observations from the ED physicians and hospital administrators indicate that dental and other oral health admissions are prevalent and increasing in frequency. Results from an analysis of Ed admissions can be used to understand the patterns of admissions and lead to the creation of policies and programs to improve the dental and oral health of individuals living in the Meadville area [15] - [18] . Our research aims to determine the prevalence of dental and other oral health ED admissions as well as patterns of patient demographics for those seeking care for dental and oral health concerns in the Meadville Medical Center ED from 2004-2014. We intend to use the results to design and implement policies and programs to improve dental and oral health locally. Additionally, we hope that our novel categorization of ICD-9 codes can be used by other communities to evaluate ED admissions for dental and oral health concerns with a new level of specificity.
Methods
Data. The Allegheny College and Meadville Medical Center Institutional Review Boards approved this study. Upon approval, de-identified ED admission records from the Meadville Medical Center between January 1, 2004 and December 31, 2014 were obtained by the research team. Specifically, data for each ED admissions was collected, including ICD-9 code and diagnosis name; date, time, and year of admittance; age at admittance; date of birth; gender; race; and payment method.
Variables. We extracted all of the dental/oral health complaints data for our analyses using the ICD-9 code for each diagnosis. The dental/oral health data was further sub-categorized into 6 categories: [1] tooth & supporting structure complications; [2] dental caries; [3] infection; [3] unspecified diseases of the soft tissue; [4] injury; and [5] inflammation of gland (Box 1). Inflammation of the gland (category 6) admissions was excluded prior to statistical analysis. We decided that these admissions, though originating in/near the mouth, were not necessarily a dental or oral health concern. Additionally, we felt the number admissions for these ICD-9 codes were too small for analyses (n = 70).
The data was stratified by age, gender, race, payment method, quarter and year visited. Age was categorized into four groups: 0 -18; 19 -38; 39 -58; 59+. Race was grouped into three categories: Caucasian, African American, and other. To analyze patterns of seasonality in admissions, we grouped admissions date by yearly quarter: January-March; April-June; July-September; and October-December. Payment methods were divided into six categories: private medical insurance, auto insurance, medical assistance, Medicare, workers compensation insurance, and uninsured. The uninsured category included uninsured, self-pay, and unable to obtain insurance information. Data Analyses. To determine changes over time for dental and oral health ED admissions, we plotted each admissions type by year. This resulted in a decade long (2004-2014) trend analysis. All other data analyses were done using Pearson's chi-square statistic, as all the data we analyzed was categorical. The data were organized in Microsoft Excel 2010. All statistical analyses were performed using SAS 9.4 University version software.
Results
The study sample consisted of 10,697 dental and other oral health admissions recorded in the Meadville Medical Center ED from 2004 to 2014. These 10,697 admissions accounted for 3.3% of the total ED admission (n = 324,170) in the Meadville Medical Center ED (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) ). An examination of the changes over time for all the ED admissions for dental and oral health concerns shows little change. Since 2011 the total number of admissions has decreased. A specific look at the categories of ICD-9 codes over time illustrates that structural concerns have increased from 2005 to 2010; and decreased by half between 2010-2014. Dental caries decreased through the decade until 2010. Since then there has been a linear increase in the rate of admissions to the ED for dental caries. Admissions for soft tissue concerns increased significantly between 2011-2013, but decreased between 2013-2014. Oral health related injuries have remained constant over the past decade (Figure 1) .
The majority of patients admitted to the ED were 19 -38 years of age followed by 39 -58 years. The two most typical payment methods used were private medical insurance and uninsured ( Table 1) . Uninsured patients most commonly used the ED for tooth and supporting structure concerns, accounting for 70% of the total admission under this payment method. Among those lacking medical insurance, those ages 19 -38 years were the largest population ( Table 2) .
Dental and other oral health concerns consisted of 3.3% of the total ED admission from 2004-2014. Six thousand nine hundred and seventy-four (6,974) admissions were for ICD-9 Code 525.9-Unspecified disorder of the teeth and supporting structures; this is the second most prevalent ICD-9 code reported in the Meadville Medical Center ED among all admissions (not just those related to dental and oral health) over the past decade. The data show that the majority of patients coming in for ICD-9 code 525.9 were those ages 19 -38 and 39 -58. Despite a recent decrease in admissions for ICD-9 code 525.9, the highest prevalence of the code was found between 2009-2012 ( Table 3 ).
Discussion
Our analysis of 10 years of admissions data at the Meadville Medical Center ED illustrates that the hospital has seen more than 1,000 admissions each year for dental and other oral health concerns. Trends in the type of admission varied throughout the decade: structural concerns increased throughout the first half of the decade and then deceased significantly during the second half. During the second half of the decade, admissions for infections and dental caries have increased. Despite significantly increasing in the middle of the decade, soft tissue admissions are currently declining (Figure 1) . The majority of patients admitted to the Meadville Medical Center ED for dental and oral health reasons were aged 19 -38 years. These patients primarily used private medical insurance or were uninsured ( Table 1) .
Our research is the first to document ED admissions for dental and oral health concerns within Pennsylvania. Our findings support national trends that shows ED admissions for dental and other oral health concerns are increasing. This study further supports previous studies that illustrate the use of EDs for dental and other oral health concerns are impacting clinical healthcare and public health services both locally and nationally [1] - [3] [10] [15] - [18] . Our data shows that the Meadville Medical Center ED is being used for more than just dental injuries. The majority of admissions were for structural and other preventable dental and other oral health concerns. The large number of ED admissions for dental and oral health concerns may be associated with the economic recession (both national and local), local public health policy, and access to care. Meadville is geographically isolated from easily accessible preventative dental health services; has increased rates of poverty; and has a growing elderly population [13] [14] . It is likely that income-and employment-related status, combined with economic stressors and decreased public health resources for adult dental coverage contributed to this trend [19] [20].
National & Local Trends
The economic recession from 2007 to 2010 has led to higher unemployment rates as well as decreased rates of employer-based dental coverage [1] - [3] [10] [15] - [18] . Furthermore, with the increase in healthcare costs and the recent implementation of the Affordable Care Act (ACA), progress in controlling dental concerns has been paused. Under the ACA, dental coverage is only legally required for pediatric patients or those under the age of 19 years [21] . Without community interventions and adequate improvements in preventative dental health care for all, the trends of increased dental-related ED visits are likely to continue not just in Meadville but in the entire United States [22]- [24] .
With the downturn of the national economy in the early 2000s and decreasing rates of dental insurance, it is possible that individuals chose to forego preventative dental health care. Individuals who lack dental, but have medical insurance may use the ED as their primary source of dental health care to avoid paying out of pocket for preventative dental health service [7] [22]. Statistics shows that economic barriers have decreased preventative/ routine dental care visits, and those living in poverty are the most likely to forego preventative care [9] [13] . Under these circumstances, it is no surprise that ED has become the avenue for dental treatment. With a decrease in preventative dental visits, it has become clear that dental diseases and associated poor oral health have manifested into a complicated epidemic of dental caries and structural issues, which are the most common admissions types in the ED [3] [4] [15] - [18] [23] [24] .
Following the completion of a Community Health Needs Assessment in 2011, the Community Health Services Department of the Meadville Medical Center opened a dental clinic in Meadville [25] . This is the second dental health clinic open and serving the 88,000 residents of Crawford County. These clinics are inundated with individuals who are uninsured and underinsured. The three dentists in the Meadville Dental Clinic are seeing upwards of 600 patients each month [25] . Despite providing care to these patients; the rate of ED admissions for infections and dental caries has increased. This finding illustrates that providing access is. The amount of time spent on clinical care of patients at the dental clinic and in the ED is taking away from preventing dental caries and other preventable oral health concerns. Further research is needed to determine any associations between patients, services being offered and frequency compared to the ED.
With such frequency of dental concerns between the ED and other dental, it is important to address key areas that can improve one's oral health. In dental care, there is little time to address the upstream causes of the dental and oral health issues facing members of our community. One area that needs to be addressed by dentists in the Meadville community is water fluoridation. Currently, the community water supply provided by the Meadville Water Authority is not fluoridated. According the Centers for Disease Control and Prevention, community water fluoridation is the most affordable and effective prevention strategy under approved fluoride levels [26] . It is important to make the change to fluoridated water and promote proper oral health from a primary prevention stance.
Strengths & Limitations
This study is the first of its kind in Pennsylvania, and it used a novel categorization of ICD-9 codes to dissect the ED admissions for dental and other oral health concerns in Meadville, PA. It is, however, difficult to get a correct interpretation of the frequency of repeat use of the ED without patient identification codes. Patient identification data was not available at the time of the study. We suspect that these 10,697 admissions did not result from 10,697 different individuals frequenting the ED. In fact, 8,259 of the 10,697 admissions are suspected to be from repeat customers. Repeats were assumed when two or more admissions had matching date of birth; sex; race; and insurance type. While this suggests there are frequent or repeat users of the ED, it cannot be concluded that each of these are the same individual. In addition, with de-identifiable admission data, treatment plans were not discussed nor was the acceptance rate of the prescribed treatment plan, limiting our understanding of ED dental and oral health concern admission. Since we only had access to de-identified records from the ED, we were unable to determine what treatment plans were prescribed in the ED or follow-up rates on these prescriptions.
Conclusions
Based on the high rates of ED admission for dental and oral health reasons, our study suggests the need for improved strategies and programs that emphasize dental prevention and aim to improve the oral health status throughout the community. Community support for improved community oral health has led to various oral health education programs including a Children's Dental Health Fair and efforts to add fluoride to the community water supply. Despite these efforts, there has been very little difference in the use of the ED for dental and other oral health concerns.
This study illustrates how our novel categorization of the ICD-9 codes allows for a more specific understanding of why the ED is being used for dental and other oral health concerns. Previous studies have only illustrated the general use of the ED, rather than a specific understanding of the different ICD-9 codes. Future research is needed to evaluate and improve community efforts, but should also incorporate a comprehensive understanding of the most frequently used dental and oral health related ICD-9 codes.
Further research is needed and important in order to evaluate the dental health status of the community over a longer period of time in order to evaluate the impact of the children's dental health fair; the types of services and care utilize at the dental health clinics; and the frequency of ED admissions. Such research will increase our knowledge and understanding of what policies, programs, and interventions are improving community oral health [1] - [4] [10]- [12] [15]- [18] [26] .
With a large number of individuals in this community and the nation using the ED for dental and oral health concerns, it is necessary to reassess how dental healthcare services are provided and how they can better meet the needs of the population. While our study found that those aged 19 -58 were the most frequent users of the ED, it was not the only population that needed preventative dental care at the community-level and dental health care education. Toothaches, dental caries and other oral health concerns impact all ages and greatly influence one's health status, illustrating the need for improved integration of dental and medical care [15] [21] [26] . The current situation nationally and locally solidifies the need to view oral health as an importance. In order to see improvements to community oral health, ending frequent ED use for toothaches and dental caries is essential. While the ED should be used for emergency use, it is not the adequate avenue for preventable dental health related concerns. Understanding and addressing barriers to oral health is essential on both the national and local level.
Finding solutions to this current problem will require dental, medical and public health professionals to work closely together in order to achieve short-and long-term goals. Increasing dental education to children, pregnant mothers, and the elderly as well as those living in poverty is just one example that can be used to address this problem. Increasing the number of dentists in the rural or free clinics may also allow for more opportunities to provide preventive care and education throughout the communities served. In conclusion, locally the Meadville Medical Center is leading the way to ensure such improvements to community oral health. Two new full-time and one part-time dentists have been hired at the clinic and the hospital is the lead organization advocating for fluoride to be added to the water. Nationally, we need to continue to advocate that dental and public health communities work together to reassess the ACA and establish sustainable programs and policies to improve oral health throughout each community. grant awarded to support Allegheny College's Community Wellness Initiative, and a grant awarded by the Franklin H. and Ruth L. Wells Foundation to support the CHNA work conducted by Allegheny College students under the direction of Professor Rebecca Smullin Dawson.
